electricity on the Gemini space capsules of the mid-1960s, are widely considered to be the ultimate in efficiency and deanliness. Unfortunately, as far as cars were concerned, they were considered pie in the sky. But Other technologies vying to power cars of the future range from deaner gasoline and diesel engines, to miniature gas turbines, to internal combustion/electric hybrids, to incredibly efficient Stirlingtechnology external combustion engines. In addition, an estimated 385,744 alternative fueled vehides are currendy in use in the United States, according to Alternatives to Traditional Transportation Fuels 1995, a December 1996 publication of the Energy Information Administration. These indude 273,000 vehicles that run on liquid petroleum gases, 81,000 that run on compressed natural gas, 26,000 that run on 85% alcohol, and 3,900 electric vehides (EVs).
The Need for Alternative Vehides and Fuels
In 1996, the United States' automobiles, minivans, and sport utility vehicles burned 15 quadrillion British thermal units (quads) of gasoline, two-thirds of the nation's petroleum consumption. 
The Hypercar
The most ambitious design idea in alternative vehicles is the hypercar. The hypercar is a combination of an ultralight, low-drag, aerodynamic auto body design and a hybrid electric drive. The body would most likely be made of composite materials, and the weight of the car could be as low as 1,000-1,500 pounds. The biggest advantage of the hypercar is that fuel mileage could be the gasoline equivalent of as much as 300 mpg. Although hypercar designs have been elaborated in detail, a hypercar has yet to be built. Furthermore, a hypercar would require considerably more design effort than a conventional automobile.
In the late 1970s, Amory Lovins (now vice president, chief financial officer, director of research, and cofounder of RMI) earned the wrath of the utility industry by claiming that investments in efficient energy were far sounder than investments in nuclear plants. Soon 
Combustion/Electric Hybrids
A hybrid is a conveyance that uses two types of power source instead of one (e.g., a heat engine and an electric motor). In a "series" hybrid, a combustion engine (or fuel cell) generates power to run an electric motor that drives the wheels. In a "parallel" hybrid, the combustion engine can also drive the wheels directly. Compared with direct drive by combustion engine, hybrids are considerably more efficient and cleaner. Unlike battery-driven electrics, they have neither acute range limitations nor long refueling times.
Either arrangement offers several advantages. The combustion engine "can run at its 'sweet spot,"' says Williams, which improves efficiency and reduces emissions. Electric drives require simpler or no transmissions. The engine can be far smaller than in a conventional drive without sacrificing acceleration. The electric motors provide high torque even at low speeds. Further efficiency can be gained by using regenerative braking, in which unused energy is channeled back to the battery during braking.
Nonetheless, questions need to be resolved. "Load leveling" (additional power capacity from a small battery) is needed since output from the combustion engine will rarely equal drive motor requirements during normal driving. The overall impact on the vehicle's weight and efficiency of using a load leveler has yet to be determined, says Williams. Furthermore, developing good control electronics is a challenge, says York.
The hybrid systems that will soon be for sale are all parallel hybrids. One advantage of parallel hybrids is that during steady highway driving, direct mechanical drive avoids the drain of power conversion, says Moore. But parallel hybrids have more mechanical parts than series hybrids. For example, they typically require transmissions, while series hybrids do not.
Toyota plans to unveil a parallel hybrid vehicle in Japan before the year's end. The 1.5-liter engine will be simpler, smaller, and cheaper than a conventional internal combustion engine, says Barnes. It is designed to operate at no more than 4,000 rpms (conventional engines attain more than 6,000 rpms), which allows internal parts to be smaller and lighter, according to Barnes.
Under heavy loads, both power sources will provide torque directly.to the wheels. Regenerative braking will conserve energy. Emissions will be markedly reduced compared with a conventional engine, and gasoline-equivalent mileage is projected to be more than 70 mpg. Just how well combustion/electric hybrids will fulfill drivers' needs, at least in the short run, remains uncertain. Says York, "We may need both [ Fuel cells can run on pure hydrogen, but hydrogen-carrying fuels such as methanol, ethanol, natural gas, and even gasoline, all of which would be reformed on Gas Turbines. A gas turbine is an internal combustion engine that functions at a nearly constant and high operating rate of rpm. It is most efficient under a constant load and, for that reason, is used in airplanes and helicopters, and is less suited for stop-and-go driving.
Hybrid Ekctric Vehicks (HEVs). HEVs are electric vehicles that use more than one power source. They combine the efficiency of a constant operating system, like the gas turbine or the fuel cell, with the acceleration features of an electric motor.
Electric Motor. This is a driving force for the hybrid system. Advanced Catalysts. Catalysts are materials used to accelerate a chemical reaction, but that are not used up on that reaction. Advanced catalysts would allow for engines to be developed that would run on more oxygen and less gas ("lean burn") than today's engines. Advanced catalysts today rely on costly materials that can withstand high temperatures. The exhaust heat would start the catalytic reaction without fuel.
Direct Injection Diesel Engine. Direct injection diesel engines are among the leading candidate technologies being studied by European and Japanese auto makers for increasing fuiel efficiency.
Source: USCAR board, vie for use in fuel-cell powered vehicles. For its buses, Ballard has opted for pure hydrogen. Ford also appears to be focusing on pure hydrogen. Last year, at the international Environmental Vehicles Symposium in Osaka, Japan, Toyota unveiled a pure hydrogen fuel-cell powered version of the RAV4. But Mark thinks the company is turning its attention to methanol. Meanwhile, DaimlerBenz and General Motors are both working with methanol-powered fuel cells.
Chrysler surprised the world of alternative fuels earlier this year when the company announced it would develop gasoline-powered fuel cell cars. The rationale is simple. The biggest obstacles to alternative fuels are the lack of a market infrastructure and the need to "create a massive multibillion dollar distribution network all at once," says Gregory P. Nowell The most intractable obstacle to developing alternative fuels and vehicles is probably that of financing a new market infrastructure, because it is the one problem that may require a political rather than a technological solution.
But the irony of technologies such as fuel cells and hypercars is that each one offers such great potential for energy efficiency and reduced emissions that in the short run, development of any one of them could mitigate pressure for development of the others (although a guiding principle of the PNGV program is that no single technology will be adequate to meet the goal of providing 80 mpg sustainably and affordably). That can be viewed as either a problem or insurance that within the next decade or two, automobiles will become far cleaner and more fuel-efficient than they are today.
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